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MARKI NG AND ANALYSI S OF THI N FI LM HARD DI SKS BACKGROUND OF gﬁéq$§5%gﬂqu
Field of the Invention The present invention relates generally to nethods
for marking defects in thin filmhard disks, and nore particularly to the
use of precise coordinates and DC erase on the hard disk to | ocate and
identify the defect and utili zing ferrdnagnetic fluid for visual
identification of the defect. Descri Spedficationt he Prior Art The detection
| ocati on and anal ysis of defects on the surface of hard di sks has becone an
increasingly difficult problemwhere data bit sizes have decreased such

t hat sub- BAOH BeR REPECT MARIGING 4N ANALY 8kt OF ERIN FIENREARD DISKS
defects. Aread/wite head may be used for the detection and | ocation of
such defects, as is taught BACKGROBND:OF PHEINVENTEONentit| ed Asperity
Bur st VViter, i ssued January 6, 1987 to Nguyen et al. Such asperity

| ocati on &ieldebtieilnyentisnhods have prOV|ded adequate results in the past,
however, the difficulty in locating mar ki ng. sub-m crqon sized defects

has necessit at 88¢ HWE‘?’&%}%{B‘“}P@tTﬁé‘G%%@P’G’EaHMF%lkle%¢%<fPh’@a?kd?g geboin iy fdmpibard The
t t d th
oot cat | BiRBend P Rt Hedise Sharcti DRl el e et Be bigtsidp e
t ak t I t
et onYH SRS g Al SRR ST MR L T,

filmhardgdfesks. Initially, the hard disk is disposed in a disk drive and
the disk is formatted with sector identification Iines and data witten

i nt o dat a Desadiion éMhe Peiot A@t data writing process a disk surface defect is
identified by its sector, track and byte |ocation. The hard disk is then
mar ked such t hdhe tetectdef lecation and helyssedtiefdctadn thelsatfare of hand. disKdasibekme an
mar ki ng process includes erasing certain portions of the disk in the sector
in which fpeeagrbcdificylt problenvuhersiynbrt seaniavp deqrerse pushithed sub-migomsiged) |

02 -2 | t f .t f t The .di.sk
ol udes. P RgeBRE G <BF lndels e (RS ctusto H A A e CrelatEe <

| ocat ed A I L

appr oxi et ay Ay KR Bl WM RS M SEPLOpo T Bl
erasi ng a mestwARr AfsubdBinhisg6K1987 tWgaRntelsl. dRbRadpetif 1bQEBh 8Hd Ridbid® but
not including the defect. Addltlonalﬁ a band of adjacent tracks may be
erased raghahddg hatwgboaldyd 4dequaté ﬁaﬂtsrlaqk: pait, Whivekr, tiadiffetiecin losatingead ed, and
a second band of adjacent tracks may be erased radiaIIy outwardl y from the
track i n whirshgtshendebesized defdcdmt eetessitated enpowet! athdds far disk mafdangfor defect

| ocating the defect. After the defect |ocating erasures have been conpl.eted
for each d%ﬁaélele ThrprEseBhinY sslop A ¥gds WHiiPed PERasias P\@ﬁﬁ@é@ctﬂn@}rﬁveﬁéﬂwapdwlek
drive for n Qn st.a

T o1 oscopd SPPEPRRIRIREE o8 o P ker s RetattiBdTe BXehie el B B RGPl ke
the erased tracks visible. |nigp@ihky 6RTIPRESVAINEIANUI D is applled to the
inner tracks of the disk to rdéaTE'§EET6T§_VTTﬁ'Tﬁﬁé?“track erasures as an

| ndi cat i on t hatya AeLAGHCEHLPLS 1Bl dRREPhung bl dVnd £ 1,0RBBDEH i

fluid is applie 6}OXIHB te tﬁe sector | enUPcrltu &t 1on ? ne ra

out war dl y 1suediskd ahitlahe 18RS 12s@disk RABpobddNB A d¥dkSi#RE bid BHRRIBAT is fom@ned with sector
ferromagnetic fluid is applied radially outwardly until the two erased
bands of ad¢rademiontlires ksl detcwreningi dakeetyacksichutifgthe dhie vintagipremst adisk ng t he
defect is disposed between the two erased bands. Thereafter the

f er r omagneuffece de«fﬁcwsnéenaﬁpd bieits weotor, tracleradst leationohehard Wesktip tek manked

i ncludes the defect. The f omagnetic .fluid is applied out t t he end of
the track WFadi e difesttanbe L%ﬁ?# g lrentine. fls ?lé‘f@@ﬂ@fa RORPH RIS frﬁ%neef ect
itself. fIC def ect

anal ysi s rsrpgehiony bl d3BREe rict ahinn R S Rapshice Sy leabl, eI

w t hout the application of ferromagnetic fluid upon it. Because the def ect
isinits original condition a nore precise and accurate anal ysis of the
nature of the defect can be made. According to one aspect of the preient

i nvention ther d a nethod for defect marking and an
thin filmhar ﬁ‘wﬂ\“mm“ rising the steps of: W\\m\&\
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testing a formatted hard disk in a disk drive to locate a defed}§ JUL 2002
~ determining the sector, track and byte-2ocation of said defect; erasing a

portion of the sector in which said defect is |ocated wthout er asi ng over

sai d defect; renoving the hard disk fromthe disk drive; applying

ferromag t hout
appl yi ng gk £ e b Bt (RO A rop B In i AR kY g Bl |

wher eby  dedcks ef ths eel:tcpmntwmch thic tdlefeteis lomatgin etasiog ildividusipiata teatks ithat t(he

provi des vi su s to te said defect. According oth aspect
P e rsbeBha inffota Aot umBeRLAREYS aBo IR et S e st MRkt o
anal ysi s @ etra{sirgg ;?(drﬁbﬂﬂ@fﬂlefﬂﬂaélkﬁi whieH M d &Ifed id 136atsd 8@So Bl nateﬁéludlgg the
formatted hard disk in a drive to |l ocate a defect; determ ning the

sector, tdefesk Additispelly, pbend phadigentisacks maydsterased a%ilfﬁty igwguily frem B t he
sector | Qragﬁ Lify bvhﬁfﬁ' le ?%&qg ldcﬁtehoﬁlﬂtae&f:(‘méfﬁb%ﬁtof 4 ﬁ§ér{eﬂ'a8¥s%a}$§é Q ge%f ect;
sai d erased portion of said sector including a pluralit adjacent i nner
tracks wiradinlly saivchrdiy dtonr thearapkmwhlchyha)cﬂefsqaas:bdataqhai‘he enamdldmnvls alldum said
t f id adj ' . idt f t
75 ocar e Btk ISR ARGShe afRAIforiRe el hRRhoel eOPbleitt fasn L

pl ural it yde@dct aslind@anthe disRaks diék speaRited 88mathe Harldridk dHve foﬂf@t}@pmaeyhsapar t
rel ati onship frogfnb@al d }lr ack whi ch sal d defect is | ocated, apd_ a second
plurality of adf3c@skis thegRlaced Upibe sider A ariFaeoRe aphiaromaeRetiGREH iy

radial ly @Eh%foqml dfsk@bRRE B hbRCKe ks irsdks SRitle IBi€ATy, fSrdn2ibedilid

renoving the hard disk fromthe disk drive; applying f Fromagnetic fluid to
t he har d isapiieddo rdwamr twakgothadel tp tﬂcatecsnctwsmdumnamtpwq angpuLesiad an

fer omanghifidd theh A8 AR R R b P TR Sy BERTE QRO b BT O oo

vi sual I'S "an age O PPN pr esent
i nvent i orprbhatateathd |ssd¢oﬂlavmtn'g:adefi tnd &dtatﬂgroeward@rsuble timtheadaskd indeatiges

ocation v??u%n%gl'aé' i’he fer;orrlx?ag(rjlgtﬁceﬁ id’is app?ieg réJdiéflyLouzt\%grzdly until the two erased
bands of adjacent tracks become visible, such that the track containing the defect is
disposed between the two erased bands. Thereafter the ferromagnetic fluid is applied to
the erased portion of the track that includes the defect. The ferromagnetic fluid is applied
out to the end of the track erasure, without application of ferromagnetic fluid to the defect
itself.

As a result, the specific defect is visually located for further analysis in its
original condition, without disk erasure over it, and without the application of
ferromagnetic fluid upon it. Because the defect is in its original condition a more precise
and accurate analysis of the nature of the defect can be made.

According to one aspect of the present invention there is provided a method for
defect marking and analysis of thin film hard disks, comprising the steps of:

testing a formatted hard disk in a disk drive to locate a defect;

determining the sector, track and byte location of said defect;

erasing a portion of the sector in which said defect is located without erasing over
said defect;

removing the hard disk from the disk drive;

applying ferromagnetic fluid to the hard disk to reveal said erased portion without
applying said ferromagnetic fluid to said defect;



-3ltis. another advantage of the present invention that a di aMilphg
" defects |located thereon can be nmarked with DC erasure and exfgg;émt]g 2002

ferromagnetic fluid, without DC erasurdaever the defect and w thout the
application of ferromagnetic fluid to the defect. It is a further advantage
of the present invention that a nethod for |ocating defects on a hard disk

in a disk driv@diy SaprPaaaRhenedit frviidhetdBuilapliaomeldigbeRks | ocations
is sinple and autormatically acconplished by the hard disk drive. It is yet
anot her aidspahmarkéngsfto {acetepaisksdatecti nventi on that a method for marking and

analysts of delekanold Aot doslhode M RBR hRNSL AR Btiale LEURL P! v

rapi d and sinple cconplis afurther a age 0
present idefeehmiarking frat analysistdfolin ffim hued diskyg camgrising kthezstepg ofief ect s on a hard

di sk has been devel gped | n,whj the defects are analyzed in the original
condi 11 on. - TS aqbGRater il ingedHEpve  Br e RE M event fon i |1 be vel |
under st 00d by deheminkinelsestot, RablnshdBiite WRAHor SfdafMdRect! he Tol | ow ng

detail ed description which nakes reference to the several figures of the

drawi ngs. | N EHEIBRAPSINGS ofithp sectos im whinh jeichdefo¢tawlerapsidovithnpt gmsingorver of a
hard di s rj .. Fi i . WwW. dj . 3 i i on;
Fro. 3 sald dofftn ol Cerbrddiyoitl SE ERG sl el e AR Hab S AR HoperciRd

| ocat i on withik isaid Secthnwanpltuadityeofnspabedapadt iracka rvithih aaig edctpt Aomvsiabdvadjeqenct i ng

the inner._trac rKi. f.a sector ving, a defect di sposed therein; Fig.

5'Fs an o AgEe T s fradk s vBRR Y dik Eidaiees ool S rirdaR WS and
i nner anGaidudedct RpRdse®fa FlLATEH L Adadent irldds dépdsédiradRgiHtihwardinm slefeed ; and
Fig. 6 is a further enlarged view depicting the defect and the erased track

in whi ch aPad relatienship; fgom saiditeagk in which said defect is located, and a second plurality of
adjacent tracks disposed in a spaced apart relationship radially outwardly from said track in

which said defect is located,;
removing the hard disk from the disk drive;
applying ferromagnetic fluid to the hard disk to reveal said erased portion without
applying said ferromagnetic fluid to said defect;
whereby said erased portion provides visual markings to locate said defect.
It is an advantage of the present invention that a disk having defects thereon can

be marked for later location and analysis of the defects.



DETAI.LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS 0 5 J U L(ﬁsoaqﬁ%zf

"the steps that is undertaken follow ng the assenbly of a hard“i¥s i S

to test each of the individual hard disks for defects Were too many

defects, or significant |arge defects are found, the entire hard disk drive

may be rejected as bei ng unacceptable for shipnent to consuners. It is then

desirable to analyze the defects on thé hard disk to determ ne the nature

of the def ect slt iDeperdadgntdgost thdytedeyipavation efaeg tisk imdhg defadts osted thedg or

nore of the disk manufacturing steps can be undertaken to elimnate the

def ect s f casrbefruarkedewdh Sisgrasure arladspostdtoi faqormagnetihiuiduaithcuy Déhetaduine ovegtiput

of future hard disk drives. The detection and anal ysis of defects becones

nor e si gnifled and watheut ey application elferromagneheluiddathedelsetl ty of data storage on

hard di sks incyeases, ing to the narrower data track nd smal | er bit

si zes of noderH &ﬁ‘harggfwﬁ%ewém asSeRaveRft R SEDSR b JRce iahoereren &

i nperfections,.iin the. hard, di.sk are | arge .enough to co i fute. defects, The

present ihefgﬁjﬁk ai%éSk VP H?ferégevﬁ]é’PﬁC{) VfIBTr‘h 'ﬁggﬁf}?l%ogcﬁ%ecf fé&%foﬂ’fﬁ%ple

defects o I AL . .sk drive testing procedure,
an?]ﬂﬁmﬂgtfcql]gh%gmﬁg{hﬁ@ gy P}Q %alt}ﬁ{lg( cﬁ'V%

coupled wth an 1 nprov or visually exam ning the defects

follow ng di sagsephyotRér advanlgs of BE priiseft ifleAtidr thtlanekhdBfofmb An@AR M lyeW Of
a hard disk drive 10 including at |east one hard disk 14 and an actuafor
arm 16 havf ddects drepladrMisk BadieRfl ddBldhes masie del&ivelyepidiagl simptad debengish. Di sk
drive control hardware and software 20, as is generally well known mthe

i ndustry, are ltngyaddative adiantaphel thapdset mkerdion tet 4 Ghetliod forheardtingkantiest i ng
met hod of the present invention the hard disk 14 is formatted within the

di sk dri vendlyaeg defestsored harg disk hasdesermbesploped wrivhihyths Sefeefs gre(aabyredeia thy

sector identijf] caéi.on lines 24) and a plurality of circunferential data
tracks 28°WPPA! 841 %%ata written into the tracks; a typical hard disk may
be formatted w roxi mately 90.sectors LaXi

circul ar dat aﬂ@%&%&?@ % agl% \E'Algfges f%ﬁ%le fes%l\glel}vy&g%l?‘ﬁp bgﬁet?ﬁgﬁg%?%gggﬁ%gee

preci sel y skiQe@ifle BY ubffreGoRd AL ASwHE AshIdd Moo wHEGlRAkes 4GB! t6 B! ON
nunber and a track nunber and a data byte | ocation along the data track.
Duri ng t heewis Kigtesbf the ae@diyse data is witten to and read fromthe disk
14, and defects are detected by irregularities in the wite/read process.
Such defects may include bunps or INJEBE ®RAWINGS Kk surface, together with
irregularities in the magnetic thin filmlayer of the disk. Uilizing o ~
~ a ~ 20a2 -5 Figdnputeprplaohewdepactd@ paitiohs of « fred Hak drigd;sk dri ve t hat

i npl enents the_method of the present invention, each hard di sk surface
within the har di&i2dka groeess oy diagsane of the pregrf @WeRtiofecor ding to the fol | owi ng
nmet hodol ogy th i,s set forth in the flow chart,. of ri . A depi,ction of a
di sk.illustrat ?:[f'?g 3 PRl iy ﬂgadlbqrgdﬂ?‘l(&“% %g%fﬁé%éad fj%e?fi%%c.a“%l.] lr%g?lég'sri ng to
Figs 2 an bnaitially, the disk 14 is formatted with sector

identifi cg%]%glﬁhﬁfe%g’ 24 and data is witten in tracks 28 which are

i ndividually testads g2efif edjﬁﬁleclteﬁ' d%i@tru% Be debegdck 3frkisg oo 8dctst hating a
preci se sector 40, track 44 and byte | ocation 48 are recorded 49, and the

f ol | owi ng defett digposeditheremn st eps are then undertaken by the hard di sk drive
10. Firstly, as depicted in Fig. 3, the 20 inner tracks 50 of the first
sector (the zefie Sdeamreplarged plnasedofchand disk shovangthDeraged inden lines apdringien DC
erase step, to provide a starti n%; sector marking Thereafter, a plurality of
adj acent i2AA&pter bandg 8f eyasedjtreplsiihat pidl i fesating ‘@eé%fg‘ftb‘indm in which the defect

36 is located are DC erased.56 to identify. t ector 40.. Pref.erab

appr oxi mat el y (.*)g'iériﬁ@?u‘ﬁ‘ﬁh‘?}ﬁ%rg%{#vée RFURe e E%?E?‘éa@f gfased frack i w 3&%‘%&? ed
track int S h as approximately 30 tracks, index lures 58 are
witten Gg{egeg!%&)cg{régse of individual tracks fromthe previously formatted
sector identifi cRETNIENDESERIPTPONOF I35t PREFERIRED IMRODIVEN TS Wi | |

| ater serve as a guide to the Tocation of the defect 36, as is described
her ebel ow The DC erase index lines 58 are witten 62 into the disk at the
30 track intervals out to the track 44 in which the defect 36 is | ocated.
When the wite head 18 is located on the track 44 that includes the defect
36, the DC erase 66 is conducted mthe track 44 up to, but not including,
the data byte 48 that includes the defect 36. Thus the defect is not
ovewitten by the DC erase 66 Additionally, to further identify the

| ocation of the defect 36 for |ater analysis, a band of approximately 20
adj acent tracks 70 may be DC erased 74 radially inwardly fromthe track
defect 44, while |leaving an approximtely 5 track band 78 of unerased di sk,
and a band of approximately 20 adjacent tracks 88 may be DC erased 92
radially outwardly of the defect track 44, again while | eaving an

. B o - B — N Y 1




sector 104, the erasing of the ten innernost tracks for sector
.identification is to be avoided as the erasure will detrinentalﬂjjqjﬂépQgﬂz
the |l ater analysis of the defect Therefore, where a defect 100 is |ocate
within the ten innernost tracks of a sector 104, the sector 104 is marked
by DC erasing 108 the outernost ten tracks 112 of the sector 104. It is to
be understood that all of the defect deétection and DC erasing i s conducted
rapi dly and aubgesfth€absithdlYs Sabian Gl R0l tht RecRbEDE R hatdigndrivens thad: S
installed within the hard disk drive 10. It is within the capability of

ordi nar i | yachbof theaeiividunal hakidsksks 6fr defacte Phegrianmenysddiacts, opsigmbednt ldnge dXfecer ase
strategy for defect |ocation described above. To anal yze each of the

det ect ed areflamdsthe entirg Sandelgksisiae yay be regpdas bdi6g thasceératde fir skipdntfitoom t he
hard di sk drive 10. Follow ng renoval of the individual hard disk, It is to
be under st@6HNeRalt 1§ then desirabla famelyzadhi defeets emths bertkdiplatogletrsine dhenatiye of
optically_vigj of. mcro or sub- n size.

bl .th he def 1 Crl.
The di sk %%Idise C‘ﬁgﬁﬁgi%a’t&éﬁg%hegyﬂegfgé:f%f’iﬂg&gfé%%a@“dfl anﬁﬁlePES’s"é%gl d treated
ith f ti.c fluid di d.f t i ti di. to, th
P o e SEPSAE R bt 8 EPERDREL FOhn G G0 b ReFEGRIE PGB0 "
nicr OSCODhﬁB\AerQﬁgﬂ?éyl ﬁsxtﬁlrng)tjg ut éfigugm\zafr@aiw Hﬁge@e%s abibiiod ah B R of

Initially, tht t'ing y on t m croscope st age,

f err omagnette@s bdcdinds mSreaRiifi@sh And ndr@ditttaltiab ARIarchD désag kSdavdlstefagebh haact or s
of the disk 14 and the inner 20 tracks 50 of the zero sector. As seen in
Fig. 4, widsks inheafesr Oonmpoahd manblver dhid sackpphd eohller bid sizeslofthdde(lhigh ddEity
erased tracks 50 and 54 appear to be clear, or white, whereas tracks that
have not baedlide miceppand apperaron vzedamgerfactiensdn dhedarhdwnagdarghenpegh torhus,  as
depicted In Fig. 4, the DC erased, tracks 54 hecone visually perceptible
when ferr Bﬁ’ﬁaﬁﬂﬂ’gq ﬁk‘é{ecﬁ Lﬁ‘ﬂ Preserd JPFRtser 18 8p Elﬁg?ﬁeéhﬁftl?ngek@"@?]&,ang I‘éffm ¥e not

DC d, d .. S d.n,whi ch. d red '
exposed « B2 bt Biedell GG - e BrTo R e B R o iR TS Bl
are not etase Mok fy LIRAER b DORLARAGHIAGKS: Al oSPRI I AR B0k, o ased

it remains possible that a ect ma ocate I'n"those ten innernost
tracks of the $BCHG a topPldnNGhEH OOV Erive 10 i8816MNA aBlehsd dhé B4 URR 194hERADSE
ten tracks 112 of the sector will have been DC erased Therefore,

f er r omagnettualof 4rui th hayirgl aseadiwetdeabl 8/digpptd @dheldfal endttheedfe Digudrer rostol
tracks of sectors in which the ten innernost tracks are not erased In this
manner , a baeiaes angissfinare dOwvistihgametalis weB Hnowmn ey tho sxdustpys etesngdpded vagus Bie hard |

be identified for further analysis. ving identified a sector.40 in which
Che | nner AEEERT0 101 kel g boh ol b B eBYeop e e Gkt & BEvaied s y

dent i ogp iyt el e 8RR} LBAUEAT Sl Al Al RSl LR B Rl
appl i cati gReOi4)lhe aflbﬁﬁﬁlmﬁxjnferefnhh'li dltattgh%ﬁs SR st Yath VRN :utd DR ulksehased

index lutes 58 that were  witten 62 at 30 track intervals out to the track
44 whi ch itypidalitled didkenaleded6imalded wikh epptbkiinh RGK0REctersamd dppariittalP 1@000 88
that were witten radially inwardly and outwardly respectively of the

def ect tr avkulddagd sarkbedomevaidnowal dvgry\posit bh hevhskrean e pfesrselyiergredtbiyhef | ui d
is applied to deem These bands 70 and 88 aid moptically identifying the

i ndi vi dualcogrdingtes eensisting ofhestr idarifisaten numbey atdet wackgumpgpands dashbgpet i ¢
fluidis qex§ agpli?% 140 to the individual data track 44 outward al ong the
track to tARUEMHOPBIKEAABCt the DC erase 66, as is seen In the enlarged
view of Fig. 6{h ef 6 _1S,n0 recisel | : [ ta
byte 48 tha GRS FE eildrosi SRl R ol UF il GO B ol dbids O

Si gni fi canfele¥ied b ﬁr’f%ﬁﬁgﬂ L e Vrith AealiDratels. ARRL b&ELS Raf BRI LSS Fbpits on the

al though it has been utilized to |ocate the defect for visual mcroscopic

i nspect i onliskisavihég tdgebat eith inkguisiaies el thd haghéticitinMgmtlier sethbaikoltilibag
present invention, other analytical devices, such as an atomc force

m croscope, a magnetic force nncroscope and/ or a scanni ng el ectron

m croscope can be utilized to provide 05J UL 2002 g detailed

anal ytical data regarding the nature of the defect. Each defect on the disk
can be precisely |located and anal yzed using the nethod descri bed herein. A
significant advantage of this nmethod is that DC erasure is not conducted
over the defect, nor is ferromagnetle fluid applied over the defect.

Rat her, the nethod of the present invention facilitates the analysis of
each defect in the condition in which it is found on the disk. Wile the
present invention has been shown and described with regard to certain
preferred enbodinent It will be understood by those skilled in the art upon
readi ng the preceding disclosure that certain alterations and nodifications

I N - Y



0 5J:UL 2002 _g_ CLAIMS: A nethod for defect marking and anal ysi f bﬂzn
.filmhard disks, conprising the steps of: testing a formatted Bzﬁdeﬁ.sg

a disk drive to locate a defect; determining the sector, track and byte

| ocation of said defect; erasing a portion of the sector in which said
defect is located without erasing over said defect; renoving the hard di sk
fromthe disk drive; applying ferromagnéric fluid to the hard disk to

reveal sai@dnpuas sshvides 10 Rhinithd1rd dRRBEVE th8t isPldhehBMEONBABE bE e blddbd t O
sai d defect; whereby said erased portion with ferromagnetic fluid applied

t her et o pripwindes, edélshead dishkiifieg svithin thobat diskairde datweat for @cfeols aebidarg tb die

defect marking and analysis as described in claiml1, wherein said step of
erasi ng a fplbewvingmetifodvloegy thetis oet forth inttheflow ahalt dfdiget A depiadmatofd diskcl udes
erasing a _PI urality of adjacent inner tracks within said sector. 3. A

met hod f orillaeraéing thedesk nisdiodelaeyain arepeited iad'i@gidscri bed in claim 1, wherein

said step of erasing a portion _of . the sector in which said defect.is .
'ocat ed | nol uddieEREg f“r%‘g% 2&?13r3a1nftta§}yx5§e§eaﬂ%@ R M sgURS AgR1 R rendliney
sector. 4.,,A od for defect ki ng .and. | ySi rihed in.clai
2 wher ei - QuPrEaren SFLER AFEh SRR BROIGPI ERLE Ry HARSL, M Luene”

defect | S iL ?&Q@eﬁf’thé Liggge%to?ﬁ@, 200 441?194 @ioicé%anS a?@l%gﬁgecfi@rahd E{e?‘ﬁl 1}1% h

ef e !
wi thin said sector P’%om sal d aij acen ner tracks to said trac

sai d def ecoftizgird @62k 8¥ps Re thdn MBARARe B thelBA@GiskRVK 1 DIFRAE, 8d\@dpictddSindg, 3,
described in claim4, wherein said step of erasing a portion of the sector

i n whi ch sthe do defeericks SO bbihafiet sécng [(theleso e¢cha) nrg emsgbs wtiiizigfa BEicdrtmtack i n

whi ch said defect is |ocated.
termed a DC erase step, to provide a starting sector marking. Thereafter, a plurality of adjacent
inner tracks 54 within the specific sector 40 in which the defect 36 1s located are DC erased 56 to
identify the sector 40. Preferably approximately 10 inner tracks are DC erased. Thereafter, at
pre-selected track intervals, such as approximately 30 tracks, index lines 58 are written 62 by DC
erase of individual tracks from the previously formatted sector identification line 64 into the sector
40 The index hines 58 will later serve as a guide to the location of the defect 36, as 1s described
herebelow The DC erase index lines 58 are written 62 into the disk at the 30 track intervals out
to the track 44 in which the defect 36 is located. When the write head 18 1s Jocated on the track
44 that includes the defect 36, the DC erase 66 1s conducted 1n the track 44 up to, but not
including, the data byte 48 that includes the defect 36. Thus the defect is not overwritten by the
DC erase 66 Additionally, to further identify the location of the defect 36 for later analysis, a
band of approximately 20 adjacent tracks 70 may be DC erased 74 radially mwardly from the
track defect 44, while leaving an approximately S track band 78 of unerased disk, and a band of
approximately 20 adjacent tracks 88 may be DC erased 92 radially outwardly of the defect track

44, again while leaving an approximately 5 track undisturbed band 96. Therefore, as is depicted

in Fig. 3, the defect 36 and the disk areas 78 and 96 immediately surrounding the defect 36 are



6. A.nethod for defect marking and analysis as described in cI&BmﬁUL 2002
‘wherein said step of erasing a portion of the sector in which said defect
is located includes erasing a plurality of adjacent tracks disposed in a
spaced apart relationship to said track in which said defect is |ocated.
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20 tracks '108 the outermost ten tracks 112 of the sector 104.

It 1s to be understood that all of the defect detection and DC erasing is conducted rapidly
and automatically by software 20 of the present invention that is installed within the hard disk
drive 10. It is within the capability of ordinarily skilled hard disk software programmers to
implement the DC erase strategy for defect location described above.

To analyze each of the detected defects, it is necessary to remove 116 the hard disk 14
from the hard disk drive 10. Following removal of the mdividual hard disk, 1t 1s to be understood
that the DC erasures written onto the hard disk are not optically visible, and that the defects are of
micon or sub-micron size. The disk 14 is next placed on a rotatable stage of a microscope and
treated with ferromagnetic fluid dispensed from a micro Q-tip according to the following steps
that make reference to Figs. 4, 5 and 6, which are microscopic 1images of the disk 14 with
ferromagnetic fluid therein. Initially, with the disk rotating slowly on the microscope stage,
ferromagnetic fluid is applied 120 to the inner 10 tracks 54 of all sectors of the disk 14 and the

inner 20 tracks 50 of the zero sector. As seen in Fig. 4, when the ferromagnetic fluid is applied,
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i ncl ude approxi mately 20 tracks that are di sposed approxi mately S tracks
away fromsaid track in which said defect is |ocated. 17. A nethod for
defect marking and anal ysis as described in claim1l1, wherein said step of
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the stage D€ emsed gaoks COpsd Sappleyt tobe tler; onmlgiteg tvheredd teickls that hdve nbtiseen DC
approximately 10 tracks of said disk; applying ferromagnetic fluid radially
out war dl y eaadssdgpreas®dicatarld anderodhowaiad sisded.ofhispaswvpetedsal . dethe XC érgsed

| ocat ed; applyln ferrona netic fluid to said track in which said defect is
| ocat ed. 1EckpShbeckad wseal Ylesresptiblpramhre freyoma gneais Amidsis aprifedtte themy gndritagks 14,

di sks, t t f d di sk di sk
rive o | Beaver foder steed etk iing Frosabetony #Q@%Caw'ae%b‘y%rg n?foeeé%een

f d def t t i d f

o et ol R SRR YR bR T bR AR VABSE}

sect or i nbgh i ARl Uk olsB8 S¥er ARG 1108 Sn Wik a,%@u&aea%@ﬁn a

plurality space apart trac in sald sector fromsal d adj acent

i nner traciksselteh fAbshdst Rfdks bMthkcloR Adhfllideliesbvd & Judlk @kRehtion R ABstAEn
said track in which said defect is |ocated, a pl ural i ty of adjacent tracks
di sposed rtaabkall | ¥ of theveecer will hava beaabetcérzaecarThdrébxalﬁeﬁmhgxmué floihisalisal t rack
in which said defect is |ocated, and a second plurality of adjacent tracks
di sposed i prefrabhoapptied b2t to thetkmpitemsist packad] sebtoys ioutvdrtd enfinnsrmesirdcksmac k
in which said defect is located; renoving the hard disk fromthe disk

drive: apphSfierrged dnrbisangnas edefeeh figpessd wenﬁaae B0 dnskrmesh tagPed p seipTdV it ed

portion w tho ai.d ferromagnetic fluid to said defect; whereby
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met hod for def eﬁ%wﬁ%fc#éh%daﬂsgct&nﬁ Y $iSafe %F‘x§rg\§ed§pﬁ¢trédﬂs Gl @MQ ben 8{“‘/9@ 5%' n

said plurality o jacent inner tracks in approximately 10 tracks,
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applying ferronagnetic fluid he 1 nner approximtely 10 tracks of said

di sk; optically 1dent1fymg the individual data track 44 which includes the defect 36. The ferromagnetic
fluid is next applied 140 to the individual data track 44 outward along the track to the end point
148 of the DC erase 66, as is seen m the enlarged view of Fig. 6 The defect 36 1s now precisely
visually located in the data byte 48 that follows the end point 148 of the track DC erase 66.
Significantly, ferromagnetic fluid is not applied to the defect 36, although it has been utilized to
locate the defect for visual microscopic inspection. Having located the defect 36 utilizing the
method of the present invention, other analytical devices, such as an atomic force microscope, a

magnetic force microscope and/or a scanning electron microscope can be utilized to provide
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therefore intended by the inventors that the following claims cover all such alterations and

modifications that nevertheless include the true spirit and scope of the mvention.



10z-10z"810% & () - FL810% & ()-3, #10% & ()--+10%& () -
(fAN<bC &' 109 T & () - z#! &' 1099 T& () - z#&" 109, & () -z#'y "109%& Q)ﬁ yJUL 2002
"1090&' () - @O%& ()-A¥Qw [ MC! & 10 10TFAOTT
10TT! & 1090 T&' () - z#! &' 10%EE& ()- z#! &' 1090 T& () - z#! &' 10%ESES&' () - z#<cdEMC!
10%9&' () - &10%& ()-3 10%& () 9S10%& ()-10%& ()-$
10%9& () -FEAMASMC! s10%& () - " Yl 10%9& ()-S"10%& ()-F
s10%g& () - 10%& ()- @oY%g& ()-+~xnbCl " $Y10%& ()-Z 10g 10g 109g&$10%g& () -
"&10%g & ()  F10%g& ()-I 10%9& () -) +aBnbC! Y10%&' () -G '10%& () - F10%&' () -
10%)& () - g’ﬁ‘fg}% dgfp S}é}{% ki ami alysis thf’oﬁ)g&h dsf omprising the
& () - S~ODdEnmDb 08401 F SRk P 2RE HYs O 9 K GuaSRREITing
10% & ()-sIepdEﬂbC' @& 10%)&' () Sy10%& () -"10%& ()-y 10%& ()- @O0%& () -

"10%& (
10908 () 35/ 16%9@@)9 gnaftfs}ab&rd(cjwls%@s)&)@nm to)logppz dpfpet;
(109%& () - 5! ! deldrhinidls B SEHPBECH dnd BSIOLAAE §95aRPHS () -F 10b 10b

erasing a portion of the sector in which said defect is located without erasing over

said defect;
removing the hard disk from the disk drive;
applying ferromagnetic fluid to the hard disk to reveal said erased portion without
applying said ferromagnetic fluid to said defect;
whereby said erased portion with ferromagnetic fluid applied thereto provides

visual markings to locate said defect.

2. A method for defect marking and analysis as described in claim 1, wherein said
step of erasing a portion of the sector in which said defect is located includes erasing a

plurality of adjacent inner tracks within said sector.

3. A method for defect marking and analysis as described in claim 1, wherein said
step of erasing a portion of the sector in which said defect is located includes erasing a

plurality of adjacent outer tracks within said sector.

4, A method for defect marking and analysis as described in claim 2, wherein said
step of erasing a portion of the sector in which said defect is located includes erasing a
plurality of spaced apart tracks within said sector from said adjacent inner tracks to said

track in which said defect is located.

5. A method for defect marking and analysis as described in claim 4, wherein said
step of erasing a portion of the sector in which said defect is located includes erasing a

portion of said track in which said defect is located.

6. A method for defect marking and analysis as described in claim 5, wherein said
step of erasing a portion of the sector in which said defect is located includes erasing a
plurality of adjacent tracks disposed in a spaced apart relationship to said track in which

said defect is located.
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defect is located.

8. A method for defect marking and analysis as described in claim 7, wherein said
step of erasing a portion of the sector in which said defect is located includes erasing a
second plurality of adjacent tracks disposed in a spaced apart relationship radially

outwardly from said track in which said defect is located.

9. A method for defect marking and analysis as described in claim 2, wherein said

plurality of adjacent inner tracks includes approximately 10 tracks.

10. A method for defect marking and analysis as described in claim 3, wherein said

plurality of adjacent outer tracks includes approximately 10 tracks.

11. A method for defect marking and analysis as described in claim 4, wherein said

plurality of spaced apart tracks are disposed approximately 30 tracks apart.

12. A method for defect marking and analysis as described in claim 6, wherein said

plurality of adjacent tracks includes approximately 20 tracks.

13. A method for defect marking and analysis as described in claim 12, wherein said
approximately 20 adjacent tracks are disposed approximately 5 tracks away from said track

in which said defect is located.

14. A method for defect marking and analysis as described in claim 7, wherein said
plurality of adjacent tracks include approximately 20 tracks that are disposed

approximately 5 tracks away from said track in which said defect is located.

15. A method for defect marking and analysis as described in claim 8, wherein said

second plurality of adjacent tracks includes approximately 20 tracks.
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mounting said disk upon the stage of a microscope;
applying ferromagnetic fluid to the inner approximately 10 tracks of said disk;
applying ferromagnetic fluid radially outwardly along a sector line of said sector in

which said defect is located;

applying ferromagnetic fluid to said track in which said defect is located.

18. A method for defect marking and analysis of thin film hard disks, comprising the
steps of:

testing a formatted hard disk in a disk drive to locate a defect;

determining the sector, track and byte location of said defect;

erasing a portion of the sector in which said defect is located without erasing over
said defect; said erased portion of said sector including a plurality of adjacent inner tracks
within said sector, a plurality of spaced apart tracks within said sector from said adjacent
inner tracks to said track in which said defect is located, a portion of said track in which
said defect is located, a plurality of adjacent tracks disposed radially inwardly in a spaced
apart relationship from said track in which said defect is located, and a second plurality of
adjacent tracks disposed in a spaced apart relationship radially outwardly from said track in
which said defect is located;

removing the hard disk from the disk drive;

applying ferromagnetic fluid to the hard disk to reveal said erased portion without
applying said ferromagnetic fluid to said defect;

whereby said erased portion provides visual markings to locate said defect.

19. A method for defect marking and analysis as described in claim 18, wherein said
plurality of adjacent inner tracks includes approximately 10 tracks, said plurality of spaced
apart tracks are disposed approximately 30 tracks apart, said plurality of radially inwardly
disposed adjacent tracks includes approximately 20 tracks disposed approximately five
tracks away from said track in which said defect is located, and said second plurality of

adjacent tracks disposed radially outwardly from said track in which said defect is located
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step of applying ferromagnetic fluid includes the steps of:
mounting said disk upon the stage of a microscope;
applying ferromagnetic fluid to the inner approximately 10 tracks of said disk;
applying ferromagnetic fluid radially outwardly along a sector identification line of
said sector in which said defect is located;
applying ferromagnetic fluid to said track in which said defect is located without

applying said ferromagnetic fluid to said defect.



